We report a case of a patient in remission of acute lymphoblastic leukemia (ALL) with severe positional headaches that required an epidural blood patch (EBP) despite the higher risks of infection and introduction of blast cells to the epidural space. A 43-year-old male with a history of ALL presented with persistent positional headache after multiple intrathecal punctures. Despite initial improvement with medical treatment and bed rest, severe positional headache [consistent with post-dural puncture headache] constantly agonized the patient. EBP was performed after discussion of all of the medical teams involved. Following the procedure, the patient experienced immediate pain relief. EBP is very effective in the management of post-dural puncture headache (PDPH). Still there is risk of introducing infectious and/or malignant cells into the central nervous system. Alternatively, there are agents available that could be employed other than a patient's own blood.
Introduction
Of the complications associated with intrathecal injections, post-dural puncture headache (PDPH) is one of the most common and unpleasant reported. When conventional treatments for PDPH fail, epidural blood patch (EBP) has been shown to be effective. EBP occludes the intrathecal puncture through injection of the patient's own blood into the epidural space. This treatment causes an immediate increase in intrathecal pressure to relieve the patient's headache, and the How to cite this paper: Narron, J., Farrag, M., Mets, E., Mahmoud, S. and Sedeek, K. injected blood subsequently halts the CSF leakage from the intrathecal space [1] [2].
Acute lymphoblastic leukemia (ALL) is typically treated using systemic chemotherapy and irradiation [3] . ALL commonly spreads to the central nervous system (CNS), which mandates early diagnosis and CNS prophylaxis, both of which require intrathecal puncture. The multiple intrathecal punctures involved in diagnosis and treatment of ALL place patients at high risk of developing PDPH, and consequently of potential treatment with EBP [4] .
A degree of controversy surrounds injecting ALL patients' own blood into the epidural space, and from our recent search, a paucity of data exists regarding the safety of EBP in these patients. In this paper, we report a case in which EBP was performed to successfully alleviate PDPH in a patient with ALL, describe management of a similar case, and conclude with recommendations for treatment and future research. In response to the patient's continued discomfort, the pain management team, which comprised an anesthesiologist, neurologist, and oncologist, opted to treat the patient's PDPH using EPB. This procedure is typically benign and effective; though performing EBP for ALL patients presents the risk of introducing circulating blast cells into the patient's CNS as well as higher risk of CNS infection.
Case Report
The patient's most recent cultures were negative for current active infections, which implied minimal risk of infection in this patient with immune system insufficiency. While in remission of ALL, even with an absence of circulating blast cells, we remained concerned about the risk of implanting leukemic cells into the patient's CNS.
Given the patient's lack of active infections and circulating blast cells, J.N performed an EPB under sterile conditions, in which 25 mL of autologous blood were injected in five-mL increments. The patient's feeling of cerebral fullness and dissipation of headache were used as feedback measures to determine the total volume of blood injected. Following the procedure, the patient reported complete relief of his headache. During his two hours stay before being discharged, there were no other medications given and the patient didn't report suffering from this headache again.
Discussion
The aim of ALL treatment, including intrathecal chemotherapy, is to induce a state of lasting remission, characterized by the absence of detectable cancer cells in the body-defined as less than 5% blast cells in the bone marrow. The multiple intrathecal punctures required in ALL diagnosis and treatment may be complicated with CSF leakage and persistent incapacitating headache. Several factors affect a patient's likelihood of developing PDPH as a result of intrathecal injection, including the number and technique of the lumbar punctures, the size and type of the needle used, as well as the patient's sex, age, and body habitus.
Initial conservative management of PDPH includes bed rest, IV and oral fluid administration, analgesics, and caffeine. When these therapies fail to assuage headache, other alternatives, although not commonly utilized, include pharmacological treatment with sumatriptan, Desmopressin (DDAVP), Adrenocorticotropic hormone (ACTH), or epidural opioids [1] . Surgery to seal the dural leak may be used as a last resort if PDHP is refractory to other treatment [1] . In addition, sphenopalatine ganglion block has been suggested to treat PDPH [5] . Despite the viability of these treatments, EBP remains the ultimate treatment for PDPH, with demonstrated success rates of up to 90% following the first attempt [6] [7] .
When considering treatment of PDPH for ALL patients, it is imperative to weigh the benefit of headache relief against the patient's heightened risk of infection, and the potential forneuraxial injection with malignant cells. In our case, the team discussed this tradeoff with the patient, whose cultures were negative, who lacked symptoms of infection, and his ALL had been in remission for several months with acceptable hematological indices. Considering the patient's lack of contraindications against EBP, the managing team was confident EBP posed minimal risk above that typically associated with epidural injection. Following EBP, our patient reported alleviation of his headache, and he was discharged from the hospital without complication.
To assess opinions at our institution regarding the safety of using autologous blood to patch ALL patients' dura, six of our regional anesthesiologists completed a questionnaire about the case. Despite the patient's low risk of complication from EBP, two of the six respondents believed it unsafe to inject the patient's own blood intrathecally. They noted concerns about infiltrating the immunocompormised patient's central nervous system with blast cells, as well as the potential for infection chiefly, meningitis.
The literature describing the risk of exposing ALL patients to EBP injections is sparse. In one study, Mergan et al. [8] report a case similar to our own. They described a patient with ALL who presented with severe PDPH two weeks after receiving four rounds of intrathecal methotrexate treatment via serial lumbar puncture. Before treating the patient with EBP, the authors report the patient's negative cerebrospinal fluid and blood cultures revealed no active infections, and flow cytometry indicated an absence of circulating blast cells in the patient's blood. Treatment with EBP using autologous blood improved the patient's symptoms two days following the procedure [8] .
Although performed without complication in our case and in that reported by Mergan et al., management of PDHP with autologous EBP may not be appropri-ate in patients with active ALL or infections [9] . Performance of EBP with viable alternatives to autologous blood-donated blood, irradiated blood, saline, colloid, and fibrin-is considered to reduce the risk of cancerous spread to the CNS 
